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摘要 
 I  
摘要 
醛糖还原酶（aldose reductase，AR）是多元醇糖代谢支路的限速酶。已有
很多研究证实 AR在糖尿病并发症如糖尿病神经病、糖尿病视网膜病中起到重要
的作用。我们前期的工作表明，AR的遗传缺失抑制了高糖引起的 PKC/TGFβ的
激活，进而显著减缓了 C57BL/6小鼠糖尿病肾病的进程(Liu et al., Diabetologia，
2011)。然而，AR是如何调控 TGFβ和肾细胞纤维化却不清楚。本研究因而在肾
细胞和组织中探讨了 AR 对 miR-200a/miR-141 等表达的影响，以及
miR-200a/miR-141对 TGFβ等的调控和对小鼠糖尿病肾病病变的影响。 
我们在 SV40 MES13小鼠肾小球系膜细胞中过表达或抑制 AR，分析 AR活
性变化对 miR-200a/miR-141 和一些促纤维化基因表达的影响及 miRNAs 对靶基
因的调控作用。通过对雄性8周龄C57BL/6小鼠野生型(WT)、AR基因敲除型(KO)
和 AR双转基因型小鼠(BT)腹腔注射 40 mg/kg体重链脲佐菌素（STZ）诱导糖尿
病。糖尿病维持 17 周后，分析比较 AR 正常小鼠和 AR 缺失小鼠肾皮质中
miR-200a和miR-141的表达及肾皮质中 TGFβ2和纤维粘连蛋白 Fibronectin等的
蛋白表达。 
在 SV40 MES13小鼠肾小球系膜细胞中过量表达 AR后，miR-200a/miR-141 
的表达受到显著的抑制。与此同时，Tgfβ2和 Fibronectin等 mRNA表达显著升
高。而在该株细胞中过量表达 miR-200a/miR-141则显著抑制 Tgfβ1/2、Fibronectin
等促纤维化基因的表达。荧光素酶报告基因系统分析表明，miR-200a/miR-141
对 Tgfβ2和 Fibronectin的抑制是通过与 mRNA 3’端非编码区的相互作用而实现
的。在 STZ 诱导的糖尿病小鼠中，AR 缺失的小鼠肾皮质中 miR-200a/miR-141
的表达比 AR正常的小鼠显著升高；同时，肾皮质中 TGFβ2和 Fibronectin的蛋
白表达在糖尿病 KO小鼠和糖尿病 BT小鼠中有不同程度的下降。 
以上实验结果说明，AR的活性显著影响了 miR-200a/miR-141在肾皮质细胞
的表达，后者可以对 Tgfβ2和 Fibronectin进行转录后基因沉默。这些结果表明，
AR 对小鼠糖尿病肾病和肾组织纤维化的影响至少有一部分是通过调控
miR-200a/miR-141对 Tgfβ2和 Fibronectin等促纤维化基因的基因沉默而实现的。 
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关键词：醛糖还原酶；糖尿病肾病，肾皮质纤维化；miR-200a/miR-141，TGF信
号转导 
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 III  
Abstract 
Background Aldose reductase (AR) is the first and the rate-limiting enzyme in the 
polyol pathway that has been shown to play important roles in the pathogenesis of 
diabetic complications such as diabetic neuropathy and diabetic retinopathy. In our 
previous studies，we demonstrated that genetic deficiency of aldose reductase 
counteracts the development of diabetic nephropathy in C57BL/6 mice in part by 
interfering with PKC/TGFβ signaling. However, the mechanism through which AR 
regulates TGFβ signaling and renal fibrogenesis was not clear. In this study, we 
investigated the regulation of miR-200a/miR-141 expression by AR and the effects of 
this regulation on TGFβ signaling and renal fibrogenesis. 
Methodology Through overexpression or inhibition of AR in mouse SV40 MES13 
mesangial cells, we examined how AR activity affected the expression of miR-200a/miR-141 
and other pro-fibrosis genes. Hyperglycemia was induced by by intraperitoneal injection of 
streptozotocin (40 mg· kg-1·day-1 for 5 days) to three genotype groups of eight-week old 
male C57BL/6 mice, which included the wild-type mice (WT), the AR knockout mice (KO) 
and a bitransgenic line of mice (BT). Renal cortical expression of miR-200a/miR-141, 
TGFβ and fibronectin was determined for 25-week old diabetic and nondiabetic 
control mice. . 
Results miR-200a/miR-141 was suppressed, while Tgfβ2 and Fibronectin mRNAs 
were significantly up-regulated following overexpression of AR in SV40 MES13 cells. 
Moreover, increased miR-200a/miR-141 caused significant down-regulation of 
mRNA, protein and transcription activity of TGFβ1/2, Fibronectin and other related 
genes, whereas disruption of the miRNA-3’UTR interactions abrogated the silencing 
effects of miRNAs. In vivo in the cortex of STZ-induced diabetic mice , diabetic KO 
and BT mice had higher levels of miR-200a/miR-141 as compared with diabetic WT 
mice, whereas diabetic KO and BT mice had lower levels of TGFβ1/2 and 
Fibronectin. 
Conclusion AR activity significantly affectes miR-200a/miR-141 expression in renal 
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IV 
cortex, which may repress Tgfβ2 and Fibronectin post-transcriptionally. These results 
demonstrated that AR deficiency ameliorats the progression of diabetic nephropathy 
in part through miR-200a/miR-141 meidated repression of Tgfβ2 and Fibronectin.  
 
Key words: Aldose reductase; diabetic nephropathy, renal fibrogenesis;    
miR-200a/miR-141, TGFβ signaling 
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缩略语对照表 
 V  
缩略语对照表 
缩略语 英文 中文 
FBS Fetal bovine serum 胎牛血清 
DAB 3，3’-Diaminobenaidioe 二氨基联苯胺 
EDTA Ethylene diaminetetrasetie acid 乙二胺四乙酸 
mRNA Messenger ribonueleie acid 信使核糖核酸 
miRNA MicroRNA 微小 RNA 
PBS Phosphate buffered saline 磷酸盐缓冲液 
RLU relative luciferase unit 相对荧光素酶单位 
5’UTR 5’-untranslated region 5’非翻译区 
3’UTR 3’-untranslated region 3’非翻译区 
Tris trimethylsilyl 三(羟甲基)氨基甲烷 
SDS Sodium dodecyl sulfate 十二烷基硫酸钠 
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